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(54) Moving body and means for detecting pi 

(57) The present invention provides a moving body 
of ceramics having discriminating marks and supported 
for movement with respect to a base member, and fur- 
ther provides means capable of detecting with high 
accuracy the position of the moving body, which is sub- 
merged or in high temperature atmosphere. 

.\ The means is to detect the position of the moving 
body, or a shaft(1) supported for sliding movement to a 
mounting base(2) through bearings(9). The shaft(1) is 
provided on the periphery thereof with discriminating 
marks(3) of magnetic stripes having predetermined 
widths. A magnetic sensor(4) is mounted on the base 
member(2). The discriminating marks(3) are composed 
of magnetic recognition marks(5) and nonmagnetic rec- 
ognition marks(6), the magnetic recognition marks(5) 
being made of a paste containing iron therein and the 
nonmagnetic recognition marks(6) being made of a 
ceramic paste, both of the pastes are printed on a sheet 
in such a manner that they are alternately applied in the 
form of stripes with predetermined widths. The shaft is 
impregnated with the sheet under pressure to thereby 
form the discriminating marks(3) on the shaft(1). 
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[0001 ] The present invention relates to a moving (or 
moveable) body such as a rotating shaft, reciprocating 
shaft, sliding element and the like which is used incor- 5 
porated in, for example, vehicles for electric cars, parts 
of engines, printers, sheet feeders, submerged machin- 
ery or the like. 

[0002] The present invention further relates to means 
for detecting the position of the moving body. 10 
[0003] It is well known that the position detecting 
means such as photo sensors, notch-marked moving 
bodies or the like have been conventionally required to 
detect the positions of the moving bodies such as recip- 
rocating bodies or rotating bodies which are usually in is 
the high temperature atmosphere or adverse environ- 
ment. 

[0004] Disclosed in Japanese Patent Laid-Open No. 
229739/1993 is a bobbin with a built-in magnetic 
marker. This prior bobbin is provided with magnetic 20 
markers for discriminating threads wound around the 
bobbin and has for its object to protect the magnetic 
markers from the deformation in shape as well as the 
reduction in strength under the influence of operated 
conditions. To stably keep magnetic markers out of the 25 
deformation and damage due to the external force 
caused by the high speed rotation of the bobbin, the 
cited prior art discloses a nonmagnetic core having 
magnetic markers secured by any suitable fitting 
means. The core has been fixed in the bobbin by syn- 30 
thetic resin molding in which the core is embedded in 
the bobbin in concentric and integral with the bobbin. 
Alternatively, the bobbin has been disclosed in which 
the core was concentrically attaiched to the inner sur- 
face of the bobbin by adhesion. : :v .ir-v-y : 
[0005] Further Showftih Japanese Patent Laid-Opeh* 
No. 1.134^1 992 is an apparatus for reading discrimi- 
nating marks; which aire printed on sheets! siecured 1 
around the rotary drum. The prior art has been pre- 
ferred for quality inspection of bar codes, for example, 40 
magnetic codes printed oh plastic sheets, or for speed 
control of the rotary drum. 

[0006] The position detecting apparatus with the * 
photo sensor has been useless for the detection of the 
submerged body that moves in cloudy water or seawa- 45 
ter. The notch-marked moving body has been difficult to 
be detected for the rotary body, that are usually supplied 
with lubricating oil in, for example, machinery such as 
turbo-superchargers, dynamo-electric turbines or the 
like. Another conventional position detecting means so 
with a magnetically marked moving body has been infe- 
rior in reliability on stable long-life operation in, espe- 
cially, high temperature atmosphere. The magnetic 
marks on rotating or relative linear sliding surface has 
been subjected to the abrasion of the relative moving ss 
bodies or the increase in 4he«liding friction resistance, 
with resulting in a lack of operational reliance. 
[0007] On the other hand, the movable shafts such as 
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rotating shafts, linear sliding shafts or the like have to be 
high in hardness, and superior in absorption for lubricat- 
ing oil and in prcrfile irregularity. It will be known Fes0 4 is 
superior in an affinity for lubricating oil, resulting in 
improvement in lubrication property. It is thus recom- 
mended to impregnate the ceramic shaft of Si 3 N 4 or the 
like with Fe 3 0 4 . Such shafts may become magnetized 
as well as satisfy the requirements of good absorption 
for lubricating oil and of high profile irregularity. 
[0008] An aim of the present invention is to overcome 
the shortcomings as described above with reference to 
the prior art, and to provide a moving body for linear 
sliding or rotating movement made of composite con- 
taining iron therein, under favor of the phenomenon the 
ferrous composite becomes magnetized in case where 
silicon nitride is mixed with iron, and the moving body 
being formed thereon with discriminating marks of mag- 
netic striped patterns. 

[0009] Another aim of the present invention is to pro- 
vide means for detecting the position of the moving 
body, in which a magnetic sensor makes detection of - 
the magnetic striped patterns on the moving body to 
thereby determine the position of the moving body and ; • 
further a velocity sensor of combined magnetic and time, ; 
sensors makes detection of the velocity as well the V 
accelaration of the moving body to thereby control the 
rotating or linear sliding movement of the moving body ,-, 
in response with the detection signals. 
[0010] An additional aim of the present invention is to 
provide a ceramic body supported for movement with 
respect to a base member, wherein the ceramic body is 
provided on the periphery thereof with discriminating - . 
marks of magnetic stripes predetermined so as to bfe : / ~ 
detected by a magnetic sensor whereby the movement i.y. 
of the ceiriamic body may be controlled in response toa of 
the detection signals according to the discriminating^] 
•'■ marks. ■ ^ <■ . : • * *• 

[0011] The ceramic body for relative movement is 
composed of any one of a rotating member and linear 
sliding member, and also the magnetic stripes on the :. : 
ceramic body is composed of ceramic composite with 
iron. 

[001 2] Another aim of the present invention is to pro^ 
vide position detecting means for ceramic body sup-^ 
ported for movement with respect to the base member, 
wherein the discriminating marks of predetermined 
widths extend on theperiphery of the moving body in the 
direction across the moving direction of the body at 
locations spaced from each other with predetermined . 
intervals along the moving body, and a magnetic sensor 
is mounted on the base member for reading out the dis- 
criminating marks, and wherein the discriminating 
marks are composed of magnetic recognition marks 
and nonmagnetic recognition marks, both of which are . 
alternately arranged with predetermined widths in a 
spaced relation from each other, the magnetic recogni- 
tion marks being made of a paste containing iron 
therein, while the nonmagnetic recognition marks being 
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of a paste containing powdered silicon nitride therein, 
and the discriminating marks are formed by the steps of 
preparing both ferrous paste for the magnetic recogni- 
tion marks containing iron therein and non-ferrous paste 
for the nonmagnetic recognition marks containing pow- 
dered silicon nitride therein, printing sheets with the fer- 
rous paste and non-ferrous paste in such a manner that 
both of the pastes are alternately applied with predeter- 
mined widths, and then impregnating the moving body 
of ceramics with the printed sheets under pressure. 
[0013] The moving body may be of a shaft supported 
for linear sliding movement in the base member and the 
discriminating marks of stripes are printed so as to 
extend in the peripheral direction of the shaft at loca- 
tions spaced from each other in the axial direction of the 
shaft. Alternatively, the moving body may be of a shaft 
supported for rotation in the base member and the dis- 
criminating marks are printed so as to extend in the 
axial direction of the shaft in spaced relation from each 
other drcumferentially of the shaft. 
[0014] As regards the fabrication of the moving body, 
homogeneous admixture is first prepared by kneading 
mixture of Fe3C>4 with powdered silicon nitride and other 
additives. The admixture is further kneaded with solvent 
thereby to form a pasty substance, which is then applied 
for printing on the moving body such as the linear sliding 
shaft or rotating shaft composed of silicon nitride. In 
order to reduce the abrasion caused between the mov- 
ing body and the base member, it is preferred to fabri- 
cate the outer periphery of the moving body by a 
mixture of ceramics with iron oxide such as FeO, Fe203 
or Fe 3 0 4 , the mixture being capable of remarkably 
reducing the f notional resistance of the moving body 
against the base member. 

[001 5] The formation of the discriminating marks on 
the moving body may be easily carried out by sintering 
the roasted ceramics for the moving body, which has 
been previously impregnated with the sheet for the dis- 
criminating marks under pressure. 
[0016] The pasty substance is composed of silicon 
nitride in the range of from 75 to 93% by weight, addi- 
tives such as AI2O3. Y 2 0 3 or the like of from 2 to 1 0% by 
weight and Fe30 4 of from 5 to 1 5% by weight 
[0017] The moving body is further coated on the 
periphery thereof with the paste containing silicon 
nitride therein, except the locations printed with the dis- 
criminating marks. 

[001 8] The magnetic sensor is to detect the position of 
the moving body by reading out the widths of the dis- 
criminating marks. 

[0019] The combined magnetic sensor with the time 
sensor may provide a velocity sensor for detecting the 
velocity and the acceleration of the moving body. 
[0020] The position detecting means may provide 
easily the information about position, velocity, accelera- 
tion and the like of the moving body by reading out the 
widths of the discriminating marks that have been mag- 
netized with Fe30 4 and applied with different widths on 



the moving body of rotating or linear sliding shaft made 
of ceramics of Si 3 N 4 or the like. 
[0021 ] The discriminating marks on the moving body 
is superior in wear proof and also lower in coefficient of 
5 friction, so that the marks are fadeless and thus rich in 
reliability of detection even in the machinery that oper- 
ates under sever conditions where it is submerged or 
exposed to high temperature, high friction or the like. 
The moving body has thereon the discriminating maris 
10 of stripes containing which marks . are each 

defined with other cross stripes. In particular, discrimi- 
nating marks are formed with parts rich in Fe30 4 and 
parts of non-FesO* both of which parts are arranged in 
bar code type. It will be thus understood that the mag- 
is netic sensor responds magnetically to the discriminat- 
ing marks to therebyrecognize the position of the 
moving body. Accordingly, the position detecting means 
of the present invention may be advantageously 
employed in various electric parts, rotating shafts for the 
20 submerged pumps and the like, or in movable parts for 
valve actuators, which are equipped in the zones where 
the photo sensor is - never used because of being 
exposed to high temperature exhaust gases. : 
[0022] The position detecting means of the present 
'25 invention as described above is rich in extremely stable 
reliability in operation and capable of detection with high 
accuracy for linear displacement, angular displacement, 
velocity, acceleration and the like, which detected data 
may be effectively adapted for information processing or 
30 the like. The position detecting means according this 
invention will be especially applicable to the moving 
bodies of linear sliding or rotating parts, which may be 
subjected to severe temperature or heavy friction, for 
example, axles for electric cars, control valves exposed 
.35 _ . to high terrpeiraturd efcheiust gases, or linear sliding and 
rotating sha^ in office 

automation appliances; sheet feeders and the like. This 
invention i is'alsb' useful for the bearings or sliding ele- 
ments siippliied with lubricating foil , and further preferred 
40 to be applied to the moving bodies incorporated in sub- 
merged machinery, which operates in seawater or liq- 
uids contaminated with chemicals, lubricating oil or 
impurities. vr 

[0023] Other aims and features of the present inven- 
45 tion will be more eipparent to those skilled in the art on 
consideration of the accompanying drawings and fol- 
lowing specification wherein are disclosed preferred 
embodiments of the invention with the understanding 
that such variations, modifications and elimination of 
so parts may be made therein as fall within the scope of the 
appended claims without departing from the spirit of the 
invention. 

[0024] Embodiments of the present invention will now 
be described, by way of example only, with reference to 
55 the accompanying drawings, in which 

FIG. 1 is a schematic perspective view showing a 
first preferred embodiment of a moving body and 
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position detecting means for the moving body 
according to the present invention; 
FIG. 2 is a schematic sectional view illustrating a 
bearing arrangement in the f irst embodiment shown 
in FIG. 1 ; 

FIG. 3 is a sectional view of a second embodiment 
in which a valve mechanism has combined with the 
first embodiment shown in FIGL 1 ; 
FIG. 4 is a schematic perspective view showing a 
third embodiment of a moving body and position 
detecting means for the moving body according to 
the present invention; 

FIG. 5 is a sectional view showing a forth embodi- 
ment in which a turbo-supercharger has an AC 
motor having combined with the third embodiment 
shown in FIG. 4; and 

FIG. 6 is a sectional view showing a fifth embodi- 
ment in which a dynamo-electric turbine has com- 
bined with the third embodiment shown in FIG. 4. 

[0025] Referring now in detail to the drawings, the 
moving body and position detecting means according to 
the present invention will be explained below. 
[0026] Referring to FIGS. 1 and 2 showing the first 
embodiment of the present invention, a moving body in 
the first embodiment is adapted to a ceramic shaft 1 
movable in a reciprocating manner with respect to a 
base member 2. The ceramic shaft 1 is provided on the 
periphery thereof with discriminating marks 3 of mag- 
netic strips which are arranged with predetermined 
widths so as to be detected by means of a magnetic 
sensor 4 on the base member 2. A controller unit 10, in 
response to detection signals from the discriminating 
marks 3, may control the reciprocating motion of the 
ceramic shaft 1 . :.- -:v<: *»\ 

[0027] Position detecting means in the rrraving body of 
the first embodiment may be applicable to ihe recipro- 
cating shaft 1 such as a valve stem in a valve mecha- 
nism, refer to FIG. 3, or a sliding element for the 
detection of the position of the shaft 1. The position 
detecting means is to detect the position of the shaft 1 
mounted for reciprocating movement to the base mem- 
ber 2 through bearings 9. The position detecting means ; 
comprises the discriminating marks 3 each having a 
predetermined width in the direction across the recipro- 
cating, or advance or retreat direction of the shaft 1 . The 
discriminating marks 3 of the predetermined widths 
extend around the periphery of the shaft 1 at locations 
spaced from each other with discrete intervals along the 
axial direction of the shaft 1 . Mounted on the base mem- 
ber 2 is the magnetic sensor 4 for reading out the dis- 
criminating marks 3. 

[0028] In the second erribodiment shown in FIG. 3, the 
base member 2 is constituted as a cylinder head, hous- 
ing or the like and the shaft 1 is as a valve stem. 
[0029] The discriminating marks 3 are composed of 
magnetic recognition marks 5 and nonmagnetic recog- 
nition marks 6, both of which extend around the periph- 
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ery of the shaft 1 and are alternately arranged in a 
spaced relation from each other. The magnetic recogni- 
tion marks 5 are made of paste containing iron therein, 
while the nonmagnetic recognition marks 6 are of paste 
containing powdered silicon nitride therein. Nonmag- 
netic marks 8 of cross stripes pattern are provided 
around the periphery of the shaft 1 except the locations 
of the discriminating marks 3. The magnetic recognition 
marks 5 and the nonmagnetic recognition marks 6 are 
of bar code patterns consisting of stripes, which are 
alternately printed around the shaft 1 with prescribed 
widths. The discriminating marks 3 may be formed on 
the shaft 1 by impregnation of bar code-marked sheets 
into the shaft 1 under pressure. Thus, both the magnetic 
recognition marks 5 and nonmagnetic recognition 
marks 6 of the discriminating marks 3 may be detected 
by means of the magnetic sensor 4 which is mounted to 
the base member 2 in opposition to the discriminating 
marks 3 on the reciprocating shaft 1 . The detection sig- 
nals from the magnetic sensor 4 are supplied to the con- 
troller unit 10, which recognizes the position of the shaft 
1 in accordance with the detection signals from the 
magnetic sensor 4. It will be noted that the controfler 
unit 10 recognize the position of the shaft 1 in accord- 
ance with the detection signals from the magnetic sen- 
sor 4 and also generates instruction signals with regard 
to displacement, velocity and stop of the shaft 1 in 
response to the detection signals to thereby control the 
motion of the shaft 1 . 

[0030] The discriminating marks 3 may be formed on 
the shaft 1 by the steps of preparing both ferrous paste 
for the magnetic recognition marks 5 containing iron 
therein and non-ferrous paste for the nonmagnetic rec- 
ognition marks 6 containing powdered silicon nitride 
therein; i-£hd printing sheets with the ferrous paste and; > ; 
nbn-ferrbUs p^fe in such a manner that both of the ; 
pastes are alternately applied with predetermined 
widths in a spaced relation from each other. The shaft 1 
of ceramics roasted at, for example, 1200 °C is impreg- , 
hated with the printed sheets under pressure and then 
subjected to sintering at, for example, in the range of 
from 1700°C to 1800 °C. 

[0031 ] The shaft 1 may constitutes a valve stem, slid- 
ing element or the like which is mounted to the base 
member 2 for reciprocating movement. The shaft 1 may 
be made of roasted silicon nitride. Iron content in the 
paste may be composed of any one of iron and Fe 3 0 4 . 
The shaft 1 is provided on the periphery thereof with 
nonmagnetic marks 8 of printed cross stripes of the 
paste containing silicon nitride therein, excluding the 
zones of the discriminating marks 3. 
[0032] For example, the shaft 1 may be, as shown in 
FIG. 3, adapted to a valve 7 A for a combustion chamber 
2B provided in a cylinder head 2A. The valve 7A is 
driven for reciprocation by valve actuating means such 
as electromagnetic driving means or cam trains so as to 
control a communication port 2D between combustion 
chambers 2B and 2C. 
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[0033] The magnetic sensor 4 is to supply the control- 
ler unit 10 with signals in accordance with sizes in the 
widths of the discriminating marks 3 to thereby serve as 
a sensor for detecting the position of the shaft 1 . The 
magnetic sensor 4 may be also incorporated with time s 
sensors to farm a velocity sensor for detecting the 
velocity and acceleration of the shaft 1 with respect to 
the base member 2. 

[0034] Further referring FIG. 4, the present invention 
will be explained in connection with the third embodi- 10 
merit of the moving body and means for detecting the 
position thereof. The moving body according to the third 
embodiment of the present invention is applied to a 
ceramic shaft 1 1 rotatable with respect to a base mem- 
ber 19. The ceramic shaft 1 1 is provided on the periph- 15 
ery thereof with discriminating marks 13 of magnetic 
stripes, which are to be detected by a magnetic sensor 
1 4 mounted on the base member 1 9. As a result, the 
rotation of the ceramic shaft may be controlled under 
the instructions of a controller unit 1 7 in response to the 20 
detection signals according to the discriminating marks 
13. 

[0035] Position detecting means having the moving 
body of the third embodiment In the form of rotating 
shaft 1 1 may be adapted to the position detection for the 25 
rotating shafts in vehicles such as electric vehicles, in 
turbo-superchargers (refer to FIG. 5) and in dynamo- 
electric turbines (refer to FIG. 6). The rotating shaft 1 1 is 
supported for rotational movement in the base member 
1 9 such as housing, casing or the like through bearings. 30 
[0036] The position detecting means is to detect the 
angular displacement of the rotating shaft 1 1 mounted 
for rotational movement in the base member 19. The 

. position detecting means is made of discriminating 
marks 13 that are arranged around the periphery of the 35 

-rotating shaft IT at predetermined- locations spaced 
from' each other circumferentially of the rotating shaft 
1 1 . The discriminating marks 3 each have a predeter- 
mined discrete width in the rotating direction and extend 
in the direction across the rotating direction of the shaft, 40 
that is, in the axial direction of the rotating shaft 1 1 . Pro- 
vided on the bas6 member 19 is the magnetic sensor 14 
for reading out the discriminating marks 13. The dis- 
criminating marks 13 are composed of magnetic recog- 
nition marks 15 and nonmagnetic recognition marks 16. . 45 
both of which extend along the axial direction the shaft 
1 and are alternately arranged in a spaced relation from 
each other circumferentially of the shaft 1 . The mag- 
netic recognition marks 15 are made of paste contain- 
ing iron therein, while the nonmagnetic recognition so 
marks 16 are of paste containing powdered silicon 
nitride therein. The magnetic recognition marks 15 and 
the nonmagnetic recognition marks 16 are of magnetic 
bar code patterns consisting of stripes, which are alter- 
nately printed around the shaft 1 1 with predetermined ss 
widths. 

[0037] The discriminating marks 13 in the third 
embodiment may be formed on the shaft 1 1 by the steps 



of preparing both ferrous paste for the magnetic recog- 
nition marks 1 5 containing iron therein and non-ferrous 
paste for the nonmagnetic recognition marks 16 con- 
taining powdered silicon nitride therein, and printing 
sheets with the ferrous paste and non-ferrous paste in 
such a manner that both of the pastes are alternately 
applied with predetermined widths in a spaced relation 
from each other to form magnetic bar code patterns. 
The shaft 11 of ceramics roasted at for example. 
1200°C is impregnated with the printed sheets under 
pressure and then subjected to sintering at for exam- 
ple, in the range of from 1700°C to 1800°C. 

[0038] The rotating shaft 1 1 is mounted for rotation in 
the base member 19 and composed of roasted material 
of silicon nitride. SiC or the like. Iron component in the 
paste may be composed of iron or iron oxide such as 
Fe30 4 . The paste containing powdered silicon nitride 
therein is applied around the periphery of the shaft 1 1 
except the locations of the discriminating marks 13 to 
thereby form nonmagnetic marks 18 of printed cross 
stripes pattern. 

[0039] The magnetic sensor 14 is to supply a control- 
ler unit 17 with signals in accordance with sizes in the : 
widths of the discriminating marks 13 to thereby serve 
as a sensor for recognizing the angular position of the 
shaft 1 1 . The magnetic sensor 14 may be also incorpo- 
rated with a time sensor to form a velocity sensor for 
detecting the velocity and acceleration of the shaft 1 1 . 
As a result, the controller unit 17 recognizes the angular 
position of the shaft 1 1 under the detection signals from 
the magnetic sensor 14 and also generates instruction 
signals with regard to angular displacement rotating 
velocity and stops of the shaft 1 1 in response to the . 
detection signals to thereby control the motion of the : 

.shaft 1.1. - - •«"• - .-• •• - 

[0040] Next, FIG. 5 illustrates af torbb-supercharger 20^ 
having incorporated therein the r>K>ytng body and ppa- s 
tion detecting means therefor according the present 
invention. 



> : * * 



[0041 ] The turbo-supercharger 20 is provided with an r 
AC generator 23 for the recovery of heat energy from 
exhaust gas G. The turbo-supercharger 20 comprises a 
turbine 21 provided in an exhaust pipe 29 to be driven 
by the energy of gas exhausted out of engines, a rotat- 
ing shaft 26 connected at its one end to the turbine 21 
and supported for rotation by a housing 27 through 
bearings 28, a compressor 22 connected to the other 
end of the rotating shaft 26 for supercharging the 
engines with air A. whereby the AC generator 23 serves 
as a dynamotor. The AC generator 23 has comprised of 
a permanent magnet 25 fixed to the rotating shaft 26, 
and a stator 24 mounted to the base member of a hous- 
ing 27 in opposition to the permanent magnet 25. 
[0042] The turbo-supercharger 20 may be allowed to 
employ plain bearings for the bearings 28 incorporated 
to support the rotating shaft 26 for rotation in the hous- 
ing 27. It is to be noted that the discriminating marks 1 3 
are in substance superior in heat resistance property. 
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Therefore, the rotating shaft 26 supported rotatably in 
the housing 27 makes high speed rotation in the condi- 
tion exposed to the exhaust gas of high temperature, 
the magnetic sensor 14 in the housing 27 may never- 
theless detect the discriminating marks 13 with high 
precision in the atmosphere contaminated with lubricat- 
ing oil or the like. The magnetic sensor 1 4 in the housing 
27 supplies the controller unit 17 with its detection sig- 
nals in accordance with the discriminating marks 13 on 
the rotating shaft 26. With the angular position of the 
rotating shaft 26 being detected with high accuracy, the 
precious angular position of the permanent magnet 25 
with respect to the stator 24 of the AC generator 23 may 
be applicable to the operational control of the AG gener- 
ator 23. 

[0043] Finally, referring to FIG. 6, the present invention 
will be described in connection with the fifth embodi- 
ment in which a dynamo-electric turbine has incorpo- 
rated with the moving body and position detecting 
means therefor of this invention. 
10044] The dynamo-electric turbine 30 may be used, 
for instance, in combination with an exhaust pipe 32, or 
in combination with another exhaust pipe 32 down- 
stream the turbo-supercharger 20 shown in FIG. 5. 
[0045] The dynamo-electric turbine 30 is provided with 
an AC generator 33 for the recovery of heat energy from 
exhaust gas G. The dynamo-electric turbine 30 com- 
prises a turbine 31 provided in an exhaust pipe 32 to be 
driven by the energy of gas exhausted out of engines, a 
rotating shaft 36 connected at its one end to the turbine 
31 and supported for rotation by a housing 37 through 
bearings 38, and the AC generator 33 connected to the 
rotating shaft 36 so as to provide a dynamotor. The AC 
generator 33 has comprised of a permanent magnet 35 
fixed to tine rotating shaft 36, and a stator 34 mounted to 
the base member of a housing 37 in opposition to the 
permanent magnet 35. 

[0046] The turbo-supercharger 30 may be allowed to 
employ plain bearings for the bearings 38 incorporated 
to support the rotating shaft 36 for rotation in the hous- 
ing 37. It is to be noted that the discriminating marks 13 
are in substance superior in heat resistance property. In 
the same way as the turbo-supercharger 20 in FIG. 5, 
the rotating shaft 36 supported rotatably in the bearings 
38 makes high speed rotation in the condition exposed 
to the exhaust gas of high temperature, the magnetic 
sensor 14 in the housing 37 may nevertheless detect 
the discriminating marks 13 with high precision in the 
atmosphere contaminated with lubricating oil or the like. 
The magnetic sensor 14 in the housing 37 supplies the 
controller unit 17 with its detection signals in accord- 
ance with the discriminating marks 13 on the rotating 
shaft 36. With the angular position of the rotating shaft 
36 being detected with high accuracy, the precious 
angular position of the permanent magnet 35 with 
respect to the stator 34 of the AC generator 23 may be 
applicable to the operational control of the AC generator 
23. 



[0047] While the present invention has been 
described in its preferred embodiments, it is to be 
understood that the words which have been used are 
words of description rather than limitation and that 
5 changes within the purview of the appended claims may 
be made without departing from the true scope and 
spirit of the invention in its broader aspects. 

Claims 

10 

1 . A moving body of ceramics mounted for movement 
with respect to a base member(2.19), wherein 
descriminating marks(3,13) are provided on the 
periphery of the moving body, the discriminating 

is marks (3.13) being composed of magnetic stripes 
of predetermined widths so as to be detected by a 
magnetic sensor(4,14), and the movement of 
theceramic moving body is controlled in response 
with detection signals in accordance with the dis- 

20 criminating marks(3, 13). 

2. A moving body according to claim 1, wherein the - 
ceramic moving body is of a rotating member(1 1), 

25 3. A moving body according to claim 1 , wherein the - 
ceramic moving body is of a linear sliding mem-- 
ber(l). 

4. A moving body according to claim 1, wherein the 
30 discriminating marks on the periphery of the 

ceramic moving body are composed of a composite 
of ceramics with iron. 

5. Means for detecting position of the ceramic moving >>■ 
35 . _ . body mounted for movement with respect to fe&i 

base membef(2,19), wher&n the discriminating ! 
marks(3, 13) are provided around the periphery #>f ; .. 
the ceramic . moving body, the discriminating > 
marks(3.13) extending in the direction across they 
40 advance direction of the moving body with prede- 
termined widths at predetermined locations, and a 
magnetic sensor(4.14) is provided on the base 
member(2,19) for reading out the discriminating 
marks(3,13); and wherein the discriminating 
45 marks(3, 1 3) are composed of magnetic recognition 
marks(5.15) and nonmagnetic recognition 
marks(6,16), the magnetic recognition marks(5,15) 
being formed of a paste containing iron therein and 
the nonmagnetic recognition marks(6,16) being 
so formed of a paste containing powdered silicon 
nitride, both of which are alternately applied on a 
sheet in the form of stripes with predetermined 
widths, and the moving body is impregnated with 
the sheet under pressure to thereby form the dis- 
ss criminating marks^, 1 3) thereon. 

6. Position detecting means according to claim 5, 
wherein the moving body is of a shaft(1) mounted 
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for linear sliding movement with respect to the base 
member (2,19), and the magnetic stripes in the 
descriminating marks(3,13) are printed in such a 
manner as to extend in the peripheral direction of 
the shaft(1) at locations spaced from each other 5 
along the axial direction of the shaft(1). 

7. Position detecting means according to claim 5, 
wherein the moving body is of a shaft(1 1 ,26,36) 
mounted for rotation with respect to the base mem- 10 
ber(2,19), and the magnetic stripes in the discrimi- 
nating marks(3 t 13) are printed in such a manner as 
to extend in the axial direction of the 
shaft(1 1 .26,36) at locations spaced from each other 
circumferentially of the shaft(1 1 ,26, 36). 75 

8. Position detecting means according to claim 5, 
wherein the discriminating marks(3,13) are formed 
on the moving body by the steps of, impregnating a 
roasted body of Si 3 N 4 for the moving body with the 20. 
sheet under pressure, and then sintering the 
roasted body. . -. .■ : & c,r^-..- - 

— * . ~ s, ■ . * . ' 

9. Position detecting means according; to . claim 5, 
wherein the paste for -the rr«gnetip; : recognitipn 25 
marks(5, 15) is composed of silicon nrtride of in the 
range from 75 to 93% by weight an adcfitive of from . 
2 to 1 0% by weight selected from the group consist- 
ing of Al 2 0 3 and Y2O3, and Fe30 4 of from 5 to 15% 
by weight 30 

10. Position detecting means according to claim 5, . 
wherein the surface of the movjng body js printed . 
with the paste containing . ^ 

nitride therein with : ^c^ij^;-Cff> : the,su^f^e;Zones: , 35., : : ; .: 

having formed^V^ereon ^ ; -,.;r 



•I ' .- • : - : - :■' • — * 



marks(3.13). ■ \,. .. ! tn :, : , V: 



- - . : • 



11. Position detecting means according to claim: 5, : > •-•••-•>..' 
wherein the magnetic sensqr{4,14) is: a position 40 ...«,. .vi: 
sensor, which moves across the - discriminating 
marks(3,13) and reads out. the widths of the dis- 
criminating marks(3,13) to thereby determine the. - 
position of the moving body. 

• -.11 45 • 

12. Position detecting means according to claim 5, 
wherein the magnetic sensor(4,14) is combined 
with a time sensor to thereby provide a velocity sen- 
sor for detecting the velocity and acceleration of the 
moving body. .50 



55 



BEST AVAILABLE COPY 



EP 0 915 319 A1 



F/G. 1 






2 




8 



AVAILABLE COP 



f 



EP 0 915 319 A1 



FIG. 3 




FIG. 4 

* ■ : - -f - > 




BEST AVAILABLE COP^ 



EP 0 915 319 A1 



FIG. 5 




FIG. 6 



30 




33 



EPO 915 319 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 7889 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (mt-C1.6) 


X 

A 
A 


US 5 076 862 A (MORIYASU MASAHARU ET AL) 
31 December 1991 

* the whole document * 

US 4 717 874 A (ICHIKAWA WATARU ET AL) 
5 January 1988 

* column 1, line 1 - line 50 * 

* column 17, line 16 - column 18, line 10; 
figures 33,34 * 


1-4 

5-12 

1,5 


G01B7/00 

G01P15/00 
GO IP 3/00 
G01B3/00 
G0105/14 


A 


GB 2 304 735 A (PENNY & GILES POSITION 
SENSORS) 26 March 1997 
* the whole document * 


1,5 




D,A 

i 


PATENT ABSTRACTS OF JAPAN 

vol : -016, no. 365 (P-1397), 6 August 1992 

& JP 04' i 13482 A (DAINIPP0N PRINTING CO 

LTD), 1.4 April 1992 • .. . 

* abstract * 


1.5 




D,A 


PATENT ABSTRACTS OF JAPAN 
vol. 017, no. 682 (W-1528), 
14 December 1993 

6 JP 05 229739 A (FUJI ELECTRIC CO LTD), 

7 September 1993 
* abstract * * 


1,5 


TECHNICAL FIELDS 
SEARCHED (lnLCL6) 






G01B 
G01P 
G01D 


A' 

* 


.-. ■..:•*... '.,t^?.i.« v S: - ■ -. . -.. v !».•-•• .« 

"If "6^31" 975 : A 'CSYSTEft CONTROL LTD ) % ' : 
12 June 1991 i : >• 

' - **"'.' ' . * * * - * ■ * - ■ 

• v- ■ . ■ -» ■.-*■.-. • • • ' - 

■.'*■• 


.• ■ 

1,5 




The present search report has been drawn up for all claims 







1 



■ 



o 

I 



2 

c: 
o 
u. 

8 

(XI 



Place of search 

THE HAGUE 



Date of completion of the search 

15 March 1999 



Brock, T 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant tf taken atone 

Y • particularly relevant iJ combined with another 

document of the same-category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but publshed on or 

after the filing dale 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



11 



*EST AVAILABLE COPY 



l-tnt OA* I -~ 



EP 0 915 319 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 30 7889 



This annex lists the patent family members relating to the patent documents cited in trie above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

15-03-1999 



I 



Patent document 






Publication 




Patent family 




Publication 


cnea n searcn report 






date 




member(s) 




date 


US 5076862 


A 


31 


-12-1991 


.IP 


i ntQ i oo 


A 
f\ 


UO-U J— lyoy 










.IP 


9AQOCQA 


D 
D 


1 O — ft 1 _ 1 ftQQ 










Jp 


1059123 


A 


06-03-1989 










JP 


2824059 


B 


11-11-1998 










Jp 


1174913 


A 


11-07-1989 










JP 


2588916 


B 


12-03-1997 










r K 


9^10011 


A 


03-03-1989 


* 

— — ^ 










*t7^DU/U 


A 


1 O AC 1 nf\n 

19-00—1990 


US 4717874 


A 






.IP 


1872607 


c 


to- uy— iyy*i 










JP 


60168017 


A 


31-08-1985 










JP 


1843719 


C 


12-05-1994 










JP 


60170702 


A 


04-09-1985 










JP 


1944118 


C 


23-06-1995 










JP 


6065961 


B 


24-08-1994 










JP 


61137001 


A 


24-06-1986 










DE 


3586208 


A 


23-07-1992 










DE 


3588131 


D 


23-01-1997 










DE 


3588131 


T 


22-05-1997 










EP 


0152067 


A 


21-08-1985 










EP 


0446969 


A 


18-09-1991 


GB 2304735 


A 


26- 


-03rl997 


NONE 








EP 0431975 


A 


12- 


-06-1991 


DE 


69017382 


D 


06-04-1995 










DE 


69017382 


T 


29-06-1995 










ES 


2069709 


T 


16-05-1995 










GB 


2239095 A.B 


19-06-1991 










US 


5136789 


A 


11-08-1992 





m For more details about this annex :see Official Journal of the European Patent Office. Mo. 12/82 



"co i AVAILABLE CX. 



